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Dear M r .  S a r i c  and M r .  Schneider:  

RESOLUTION FOR CONDITIONS FOR APPROVAL OF THE URANYL NITRATE HEXAHYDRATE 
REMOVAL ACTION WORK PLAN 

References: 1. L e t t e r ,  J.R. Cra ig ,  DOE-FN, t o  J.A. S a r i c ,  U.S. EPA, and 
T. Schneider,  OEPA, "Revised Uranyl  N i t r a t e  Hexahydrate 

*$ Removal A c t i o n  Work Plan,"  dated September 2, 1994. 

2. L e t t e r ,  J.A. S a r i c ,  U.S. EPA, t o  J.R. Cra ig ,  DOE-FN, 
"Removal A c t i o n  20 Work Plan, R e v i s i o n  1," da ted  
November 28, 1994. 

3. L e t t e r ,  J.A. S a r i c ,  U.S. EPA, t o  J.R. Cra ig ,  DOE-FN, 
"Approval  o f  t h e  Removal A c t i o n  20 Uranyl  N i t r a t e  
N e u t r a l i z a t i o n  P r o j e c t  Work Plan," da ted  August 9, 1994. 

FEMP MSL #531-0297 RA 20 Uranyl  N i t r a t e  N e u t r a l i z a t i o n  
P r o j e c t  Work Plan," da ted  October 6, 1994. 

4. L e t t e r ,  T.A. Schneider, OEPA, t o  J.R. Cra ig ,  DOE-FN, "DOE 

Th is  l e t t e r  documents r e s o l u t i o n  o f  o u t s t a n d i n g  c o n d i t i o n s  f o r  approval  o f  t h e  
Removal A c t i o n  Work Plan f o r  t h e  Uranyl  N i t r a t e  Hexahydrate (UNH) 
N e u t r a l i z a t i o n  P r o j e c t  (Reference 1). 
Environmental  P r o t e c t i o n  Agency (U.S. EPA) r e s t a t e d  two o f  t h e  c o n d i t i o n s  
s t a t e d  i n  t h e i r  c o n d i t i o n a l  approval  of t h e  work p l a n  (Reference 3 ) .  
S t o i c h i o m e t r i c  i n f o r m a t i o n  r e g a r d i n g  t h e  n e u t r a l i z a t i o n  process was faxed  t o  
t h e  U.S. EPA d u r i n g - t h e  te lephone conference on December 8, 1994; t h e  U.S. EPA 
subsequent ly i n d i c a t e d  t h a t  t h e  i n f o r m a t i o n  adequate ly  r e s o l v e d  t h e  f i r s t  
comment i n  Reference 2.  

I n  Reference 2; t h e  U n i t e d  S t a t e s  
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o f  samples s p e c i f i e d  by the  work p lan  t o  con f i rm t h e  f i l t e r  cake generated by 
the  n e u t r a l i z a t i o n  p r o j e c t  was, i n  fac t ,  non-Resource Conservation And 
Recovery Act (RCRA) hazardous. As discussed i n  our  most recent  telephone 
conversat ion w i t h  the  U.S .  EPA and in fo rmat ion  prov ided by the  enclosure of 
t h i s  l e t t e r ,  i n  order  t o  reso lve  the  U.S. EPA's second cond i t i on  f o r  approval 
o f  the  work p lan,  we w i l l  take a minimum o f  two samples per  batch f o r  a l l  
batches, r a t h e r  than f o r  on l y  the  f i r s t  seven batches. 

I n  Reference 4 ,  t he  Ohio Environmental P ro tec t i on  Agency (OEPA) OEPA 
c o n d i t i o n a l l y  approved the  work p lan  cont ingent  upon the  schedule f o r  
n e u t r a l i z a t i o n  o f  t he  UNH being inc luded as p a r t  o f  t he  work plan. 
cu r ren t  schedule was f o r  n e u t r a l i z a t i o n  t o  begin January 17, 1995, and be 
completed by September 29, 1995, however, w i l l  n o t  be m e t  due t o  problems w i t h  
the  p r o j e c t .  I w i l l  p rov ide  a schedule a f t e r  a complete review o f  t h e  des ign 
i s  completed and a comprehensive C r i t i c a l  Path Method (CPM) schedule has been 
developed f o r  t h e  UNH N e u t r a l i z a t i o n  P ro jec t .  

The 

If you o r  your s t a f f  have any quest ions o r  r e q u i r e  add i t i ona l  i n fo rma t ion  
concerning t h i s  mat ter ,  please contact  Chr is  White a t  (513) 648-3172. 

S i  ncere l  y , 

FN:White 

Enclosures : As Stated 

Jack R.  Cra ig  
D i r e c t o r  
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The ba tch  p rocess ing  of UNH s o l u t i o n  w i l l  genera te  two d i s t i n c t  waste streams: 
1) aqueous f i l t r a t e ,  and 2 )  f i l t e r  cake. C h a r a c t e r i z a t i o n  o f  t h e  f i l t e r  cake t o  
be generated f rom t h e  UNH s o l u t i o n  w i l l  draw h e a v i l y  on t h e  success fu l  work 
completed t o  d a t e .  Work completed t o  d a t e  i n c l u d e s  bench s c a l e  t e s t i n g  and t h e  
p rocess ing  o f  t h e  f i r s t  20,000 g a l l o n s  o f  UNH a t  t h e  FEMP. T h i s  work 
demonstrated t h e  e f f e c t i v e n e s s  o f  t h e  process i n  p roduc ing  a f i l t e r  cake t h a t  i s  
homogeneous i n  n a t u r e  (i .e., l ow  sample v a r i a b i l  i t y )  and which does n o t  l e a c h  
RCRA meta l  s a t  l e v e l s  o f  concern (i .e., f a r  below r e g u l a t o r y  1 i m i t s )  . 
I t  i s  a n t i c i p a t e d  t h a t  t h e  p rocess ing  w i l l  r e q u i r e  30 t o  50 i n d i v i d u a l  batches 
t o  t r e a t  t h e  rema in ing  200,000 g a l l o n s '  o f  UNH s o l u t i o n .  The f i l t e r  cake 
generated f r o m  each ba tch  processed w i l l  be sampled and analyzed t o  v e r i f y  t h a t  
t h e  process con t inues  t o  perform as expected and t o  e s t a b l i s h  a c o r r e l a t i o n  
between t h e  feed  m a t e r i a l s ,  p rocess ing  c o n d i t i o n s  and t h e  f i n a l  waste p roduc t .  
Because each ba tch  i s  ex t reme ly  w e l l  mixed, o n l y  two samples w i l l  be r e q u i r e d  
f r o m  each ba tch  processed. Tak ing two samples a l l o w s  b a s i c  s t a t i s t i c s  such as 
t h e  mean ( a r i t h m e t i c  average),  va r iance  and con f idence  l i m i t  t o  be c a l c u l a t e d .  
If sample r e s u l t s  show e i t h e r  h i g h e r  v a r i a b i l i t y  o r  h i g h e r  l e v e l s  o f  RCRA me ta l s  
l e a c h i n g  f rom t h e  waste, t h e n  a d d i t i o n a l  samples w i l l  be taken  f rom t h e  f i l t e r  
cake p r i o r  t o  p rocess ing  f o r  d i s p o s a l .  Requirements f o r  a d d i t i o n a l  samples w i l l  
be based on EPA's SW-846 "Test  Methods f o r  E v a l u a t i n g  S o l i d  Waste, 
Phys ica l lChemical  Methods", Chapter 9, Equat ion 8. 

The sampl ing approach f o r  UNH f i l t e r  cake i s  based on two w e l l  supported 
assumptions: 1) t h e  neutralizationLprecipitation process produces a f i l t e r  cake 
which i s  homogeneous, and 2 )  t h e  r e s u l t a n t  waste m a t r i x  i s  such t h a t  RCRA meta l s  
a re  n o t  e a s i l y  leached. There i s  a l o n g  h i s t o r y  o f  i n d u s t r i a l  a p p l i c a t i o n  o f  
these processes t o  a c i d i c  and metal  b e a r i n g  waste streams i n  t h e  me ta l  p l a t i n g  
and p o l i s h i n g ,  s t e e l  and non fe r rous  meta ls ,  min ing,  and e l e c t r o n i c s  i n d u s t r i e s .  
F o r  t h e  UNH waste stream i n  p a r t i c u l a r ,  d a t a  c o l l e c t e d  d u r i n g  bench s c a l e  t e s t i n g  
and f rom p rocess ing  of t h e  f i r s t  20,000 g a l l o n s  o f  UNH s o l u t i o n  a t  t h e  FEMP 
demonstrate t h e  e f f e c t i v e n e s s  o f  t h e  process. 

The UNH s o l u t i o n  i s  processed batch-wise a l l o w i n g  f o r  maximum c o n t r o l  o v e r  t h e  
process. The feed m a t e r i a l s  (UNH s o l u t i o n ,  d i l u t i o n  water ,  and magnesium ox ide )  
a re  mixed i n  feed tanks F1-25 and F1-26 where t h e  a c i d  i s  n e u t r a l i z e d  and metal  
ox ides lhyd rox ides  formed o v e r  a n ' 1 8  - 24 hour  p e r i o d .  Constant  m i x i n g  o f  t h e  
feed t a n k  throughout  t h i s  process ensures a w e l l  mixed, homogeneous s l u r r y .  The 
s l u r r y  i s  t hen  pumped and f i l t e r e d  ci i  t h e  E I M C O  r o t a r y  vacuufi f i l t e r s  p r o v i d i n g  
p h y s i c a l  s e p a r a t i o n  o f  t h e  f i l t e r  cake f rom t h e  f i l t r a t e .  T h i s  process generates 
a f i l t e r  cake t h a t ,  l i k e  i t s  p a r e n t  s l u r r y ,  i s  homogeneous. 

The l o w  l e a c h a b i l i t y  o f  me ta l s  f rom t h e  f i l t e r  cake i s  a r e s u l t  o f  two 
c o n t r i b u t i n g  f a c t o r s .  F i r s t ,  t h e  p r i m a r y  reason t h e  me ta l s  ended up coming o u t  
o f  s o l u t i o n  i n  t h e  f i r s t  p l a c e  i s  because i n  t h e i r  o x i d e  and h y d r o x i d e  forms they  
a re  n o t  ve ry  s o l u b l e .  Second, t h e  weak g l a c i a l  a c e t i c  a c i d  l e a c h i n g  s o l u t i o n  
used i n  t h e  T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure (TCLP) tends  t o  be 
n e u t r a l  i z e d  by excess hyd rox ides  i n  t h e  f i l t e r  cake r e d u c i n g  t h e  aggressiveness 
o f  t h e  l e a c h i n g  s o l u t i o n .  

Thus, by design,  t h e  UNH n e u t r a l i z a t i o n  and p r e c i p i t a t i o n  process generates a 
f i l t e r  cake t h a t  i s  homogeneous w i t h  l ow  l e a c h a b i l i t y  o f  RCRA me ta l s .  A n a l y t i c a l  
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r e s u l t s  from bench s c a l e  t e s t i n g  and two s e t s  o f  sampl ing f o r  t h e  f i l t e r  cake 
'generated f rom p rocess ing  t h e  f i r s t  20,000 g a l l o n s  o f  UNH suppor t  t hese  expected 
r e s u l t s  (i .e. , homogeneous, 1 ow 1 eachabi 1 i t y )  . Resu l t s .  f rom these  sampl i n g  
events i s  p r o v i d e d  i n  Attachments 1, 2, and 3 .  Fo r  each d a t a  se t ,  t h e  f o l l o w i n g  
i s  d iscussed:  purpose/approach o f  t h e  sampl i n g ;  r e s u l t s ;  mean and va r iance ;  and 
conc lus ions .  

Chapter 9 o f  EPA's SW-846 "Tes t  Methods f o r  E v a l u a t i n g  S o l i d  Waste, 
Phys ica l /Chemical  Methods" recommends t h a t  w i t h  an i n i t i a l  e s t i m a t e  o f  t h e  mean 
and v a r i a n c e  Equat ion 8 be used t o  determine t h e  a p p r o p r i a t e  number o f  samples 
t o  c o l l e c t  under a s imple random sampl ing scheme t o  adequate ly  c h a r a c t e r i z e  t h e  
waste. Given t h e  l ow  mean and smal l  v a r i a n c e  o b t a i n e d  f rom t h e  sampl ing o f  
f i l t e r  cake f rom t h e  UNH processed l a s t  yea r ,  Equat ion 8 r e t u r n s  an ex t reme ly  l o w  
number o f  samples r e q u i r e d  t o  c h a r a c t e r i z e  t h e  remainder  o f  t h e  waste stream 
( l e s s  than  1).  The approach o u t l i n e d  above u t i l i z e s  a judgmental  sampl ing scheme 
a p p r o p r i a t e l y  t a i l o r e d  t o  t h e  batch-wise p r o c e s s i n g  of t h e  UNH s o l u t i o n  and 
r e s u l t s  i n  t h e  c o l l e c t i o n  o f  more samples t h a n c  would be d i c t a t e d  by t h e  
a p p l i c a t i o n  o f  Equa t ion  8. Example c a l c u l a t i o n s  f o r  UNH f i l t e r  cake s t a t i s t i c s  
a re  p r o v i d e d  i n  Attachment 4 .  

I n  a d d i t i o n  t o  t h e  s t a t i s t i c s  completed on sampl ing r e s u l t s  f o r  each i n d i v i d u a l  
batch, a s t a t i s t i c a l  a n a l y s i s  has been completed t o  compare i n t r a - b a t c h  
v a r i a b i l i t y .  The c o r r e l a t i o n  i s  drawn between f e e d  m a t e r i a l s  and a n a l y t i c a l  
r e s u l t s  f o r  t h e  f i n a l  f i l t e r  cake p roduc t .  Wi th  t h e  m ix  t i m e  and pH o f  t h e  
n e u t r a l  i z e d  s o l u t i o n  c o n t r o l l e d ,  t h e  l e a c h a b l e  (TCLP) c o n c e n t r a t i o n  o f  RCRA 
meta ls  i n  t h e  f i l t e r  cake appear t o  be f a i r l y  independent o f  i n i t i a l  s t a r t i n g  
t o t a l  c o n c e n t r a t i o n  i n  t h e  UNH s o l u t i o n .  A f i t t e d  r e g r e s s i o n  l i n e  w i t h  an 80% 
conf idence i n t e r v a l  (90% con f idence  l i m i t )  about t h e  mean response has been 
generated t o  se rve  as a " c o n t r o l  c h a r t "  f o r  t h e  process. These c h a r t s  f o r  
chromium and ba r ium a re  p r o v i d e d  i n  Attachment 5. Note t h a t  t h e  f o u r  d a t a  p o i n t s  
i n  t h i s  a n a l y s i s  and t h a t  t h e  d a t a  p o i n t s  a re  based on r e s u l t s  f rom t h e  i n i t i a l  
UNH p rocess ing  and f rom t h e  bench s c a l e  t e s t i n g .  A n a l y t i c a l  r e s u l t s  f rom each 
batch processed w i l l  be compared t o  these  c h a r t s  t o  ensure t h a t  t h e  process 
con t inues  t o  o p e r a t e  as expected. 

The FEMP i n i t i a l l y  proposed e l i m i n a t i n g  sampl ing of  f i l t e r  cake f r o m  each ba tch  
a f t e r  t h e  f i r s t  seven batches were processed i f  a s t r o n g  c o r r e l a t i o n  c o u l d  be 
formed between feed  m a t e r i  a1 s and f i n a l  f i 1 t e r  cake 1 eachabi 1 i t y  . T h i  s approach 
soi ight t o  s t r i k e  a ba la i ice between t h e  c o s t  aiid b e n e f i t  o f  c o n t i n u i n g  t o  p u l i  two 
samples f rom t h e  f i l t e r  cake generated f rom each ba tch .  Based on comments f r o m  
USEPA, t h e  FEMP commit ted t o  c o n t i n u i n g  t o  p u l l  two samples from t h e  f i l t e r  cake 
from each ba tch  processed. 

A l l  sampl ing and a n a l y s i s  w i l l  be completed i n  accordance w i t h  t h e  FEMP S i t e w i d e  
CERCLA Qual  i t y  Assurance P r o j e c t  P1 an (SCQ)  . Sampl i n g  w i  11 be conducted 
f o l l o w i n g  t h e  P r o t o t y p e  Sampling and A n a l y s i s  P lan  (SAP) f o r  c o n t a i n e r i z e d  waste. 
A s  r e q u i r e d  by t h e  P ro to type  SAP, a P r o j e c t - S p e c i f i c  Sampling and A n a l y s i s  P lan  
(PSAP) w i l l  be generated f o r  t h i s  sampl ing e f f o r t  s p e c i f y i n g  t h e  d e t a i l e d  
i n f o r m a t i o n  r e q u i r e d  f o r  each sampl i n g  event  (e.g., drum numbers, number o f  
samples r e q u i r e d ,  parameters f o r  a n a l y s i s ) .  The p h y s i c a l  sampl ing w i l l  be 
conducted f o l l  owing FERMCO procedure 20-C-806 "Sampl i n q  o f  Drummed M a t e r i  a1 f o r  
Hazard I d e n t i f i c a t i o n " .  A n a l y t i c a l  r e s u l t s  w i l l  be summarized and i n c l u d e d  i n  

3 
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the characterization file for this waste stream (Material Evaluation Form (MEF) 
Number 1186). 

The characterization approach outlined above is consistent both with 
characterization approaches utilized in the chemical processing industry. This 
approach i s  also consistent with approaches utilized by USEPA in sampling and 
analysis efforts supporting hazardous waste listing program determinations (see 
the Background Information Documents for any number o f  HSWA required listing 
determinations by EPA). 



Attachment 1.0 
Bench Sca le  Tes t  Repor t  

- 
UNH S o l u t i o n  (ppm) TCLP F i l t e r  Cake (ppm) . 

Tank Number Ba C r  Ba C r  

0.349 0.272 

F1-25/26l 92.6 215 0.253 0.053 

- F1-1 412.5 344.3 0.313 0.454 

~ i -  i io1  89.2 734.3 

1. Purpose/Approach 

Bench t e s t  work was conducted i n  suppor t  o f  t h e  UNH p r o j e c t  f o r  t h r e e  purposes: 
1) t o  c h a r a c t e r i z e  t h e  c o n t e n t s  o f  t h e  i n d i v i d u a l  UNH tanks,  .2) t o  i n v e s t i g a t e  
t h e  p o s s i b l e  t r e a t m e n t  c o n d i t i o n s  and v e r i f y  t h a t  t h e  t r e a t e d  m a t e r i a l  would meet 
e x i s t i n g  d i scha rge /d i sposa l  c r i t e r i a ,  and 3 )  t o  recommend t r e a t m e n t  c o n d i t i o n s  
f o r  t h e  UNH i n v e n t o r y .  

Wi th  r e s p e c t  t o  the .second  i t e m ,  t h e  bench s c a l e  work demonstrated t h a t :  1) MgO 
was t h e  p r e f e r r e d  reagent  f o r  n e u t r a l  i z a t i o n / p r e c i p i t a t i o n  due t o  t h e  b e t t e r  
f i l t e r a b i l i t y  o f  t h e  p r e c i p i t a t e d  s o l i d s ,  2) t h e  r a t e s  o f  
neutralization/precipitation are  s u f f i c i e n t  t o  make ambient p rocess ing  p r a c t i c a l ,  
and 3) a t  t h e  p r e c i p i t a t i o n  c o n d i t i o n s  necessary f,or f i l t r a t e  d i scha rge  ( i . e . ,  
pH > 7.0) t h e  uranium and heavy metal  r e s i d u a l s  w i l l  be accep tab le  f o r  b o t h  
f i l t r a t e  d i s c h a r g e  and f i  1 t e r  cake d i sposa l  . 
UNH s o l u t i o n s  were processed i n  j a r  t e s t s  on t h e  l a b  bench t o  s i m u l a t e  t h e  
i n tended  UNH t r e a t m e n t  process. UNH s o l u t i o n  was f i r s t  d i l u t e d  t o  reach  a c i d  
s t r e n g t h  o f  l e s s  t h a n  1 N and U c o n c e n t r a t i o n  o f  l e s s  t h a n  100 g /1 .  MgO was t h e n  
added t o  t h e  s t i r r e d  system and a l l owed  18 hour  c o n t a c t  t i m e  t o  c a r r y  o u t  
n e u t r a l i z a t i o n .  The n e u t r a l i z e d  UNH s o l u t i o n  was t h e n  f i l t e r e d  on f i l t e r  paper 
precoated w i t h  d ia tomacious e a r t h  t o  s i m u l a t e  performance o f  t h e  EIMCO f i l t e r s .  
Three samples o f  t h e  r e s u l t a n t  f i l t e r  cake were s u b m i t t e d  f o r  TCLP a n a l y s i s  
c o n s i s t e n t  w i t h  EPA Method SW-846 1311. Those t h r e e  samples were b e l i e v e d  t o  
have t h e  h i g h e s t  c o n c e n t r a t i o n  o f  RCRA me ta l s  based on t h e  o r i g i n a l  UNH 
c h a r a c t e r i z a t i o n .  The TCLP i n v o l v e s  c o n t a c t i n g  a 100 g sample o f  s o l i d s  w i t h  up 
t o  2 l i t e r s  o f  d i l u t e  a c e t i c  a c i d  (pH -5.0) f o r  a p e r i o d  o f  24 hours.  ' A t  t h e  
conc lus ion  o f  t h e  t e s t ,  an a l i q u o t  o f  t h e  l e a c h a t e  i s  f i l t e r e d  and analyzed f o r  
t h e  presence o f  RCRA me ta l s .  

. . 2 .  R e s u l t s  

Resu l t s  from t h e  TCLP a n a l y s i s  o f  t h r e e  d i f f e r e n t  f i l t e r  cakes generated f r o m  
bench sca le  j a r  t e s t s  a re  summarized below. Note t h a t  t h e  f i n a l  pH o f  t h e  UNH 
s o l u t i o n  was o n l y  taken t o  a pH o f  between 5.0 and 6.0 which, as expected, 
somewhat reduces t h e  e f f e c t i v e n e s s  o f  t h e  neutralization/precipitation process. 

7 



Attachment 1.0 
Bench Scale Test Report 

Ba 
Cr 

3 .  Mean and Variabil ity 

The mean constituent concentration and variance across a l l  t h r e e  i n i t i a l  UNH 
s o l u t i o n s  c o n c e n t r a t i o n s  are summarized below. 

0.31 0.05 

0.26 0.2 

I I II 11 constituent I z (ppm) I 

4.  Concl u s i  ons 

By only taking the final pH of the solution to pH between 5.0 and 6.0 the metals 
were not bound i n  the filter cake as strongly as they would have been if the 
final pH of the solution were taken to pH > 7.0 as i s  required when the UNH i s  
processed. Neutralization to pH > 7.0 will more strongly bind the RCRA metals 
in the filter cake matrix. 

1 

Mean concentrations of RCRA metals in the filter cake appear to be somewhat 
independent of starting concentration i n  UNH solution. This is because the RCRA 
metals are all at relatively low concentrations compared with the uranium in the 
solution and filter cake. 

/ 

8 1  



Attachment 2.0 Page 1/2 
Firs t  Sampling for F i l te r  Cake from Processing 20,000 gal UNH 

1. PurposefApproach 

I n  the f a l l  of 1992, the f i r s t  20,000 gallons of U N H  solution were processed t o  
yield over 500 drums of f i l t e r  cake. For Materials Control and Accountability 
(MC&A) purposes the drums were grouped into 60 drum lo t s  as they were generated. 
One composite sample was collected from each 60 drum l o t .  The composite sample 
was comDrised of a subsamDle from everv tenth drum o f  the l o t .  Each composite 

, 

sample ‘was submitted t o ’  the laboratiry for  analysis 
collection. Eight samples were collected in th i s  manner. 
seven samples are summarized below. Laboratory analysis 
the eighth composite sample based on resu l t s  returned 
samples. 

i mmedi ate1 y fol 1 owing 
Results from the f i r s t  
was n o t  completed for  
from the f i r s t  seven 

2. Results 

The resul ts  from the f i r s t  seven samples for  the two RCRA metals of concern are 
‘summarized below. 

3 .  Mean and Variability 

The mean constituent concentration and variance across the seven composite 
samples are summarized below. 

0.139 

Cr 
NOTE:  1/2 the DL used for va lue  i n  computing the mean and variance 

4 .  Conclusions 

These resul ts  indicate t h a t  when final slurry pH i s  taken t o  pH > 7.0  the RCRA 
metals a re  bound u p  extremely well in the f i l t e r  cake. The f i l t e r  cake also 
appears t o  be very homogeneous across lo t s  based on the var iab i l i ty  from the 
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composite samples.  However, t h e  composi t ing  may mask some degree  o f  v a r i a b i l i t y  
on a drum-by-drum b a s i s .  

l o  



Attachment 3.0 1/1 
Second Sampl ing f o r  F i l t e r  Cake from Process ing  20,000 g a l  UNH 

Ba ( P P N  

0.777l 

1.13 

0.471 

t0.2 

1. Purpose/Approach 

Cr ( P P N  
0.0359' 

0.0107 

0.0604 

0.0136 

To ensure t h a t  t h e  c h a r a c t e r i z a t i o n  package f o r  t h e  UNH f i l t e r  cake met t h e  Waste 
Acceptance C r i t e r i a  f o r  NTS, t h e  f i l t e r  cake was resampled i n  t h e  s p r i n g  of 1994. 
T h i s  second sampl ing approach u t i l i z e d  a s imp le  random sampl ing scheme u s i n g  a 
random number g e n e r a t o r  t o  s e l e c t  t h e  drums t o  be sampled. The second sampl ing 
event d i d  n o t  use composi te sampl ing b u t  s e l e c t e d  an i n d i v i d u a l  sample f rom each 
drum se lec ted .  T h i s  approach was taken t o  ensure t h a t  each drum had an equal 
chance o f  be ing  sampled and t h a t  i n t ra -d rum v a r i a b i l i t y  was n o t  masked by u s i n g  
composite sampl es. Four sampl es were c o l l  ec ted  u s i n g  t h i  s approach. 

0.62 

0.03 C r  

2 .  Resu l t s  

0.439 ~1 
0.023 

The r e s u l t s  f rom t h e  fou r  random samples f o r  t h e  two RCRA me ta l s  o f  concern a re  
summarized be l  ow. 

3 .  Mean and V a r i a b i  1 i t y  

The mean c o n s t i t u e n t  c o n c e n t r a t i o n  and va r iance  across the f o u r  randomly selected 
samples are  summarized below. 

4. Concl u s i  ons 

I 

n computing t h e  mean and v a r i a n c e  

Once again,  t h e  r e s u l t s  show t h a t  t h e  RCRA me ta l s  o f  concern a re  bound up i n  t h e  
waste m a t r i x  i n  a form t h a t  does n o t  l each  RCRA m e t a l s  a t  c o n c e n t r a t i o n s  o f  
concern.  Based on t h e  v a r i a b i l i t y  o f  t h e  samples, t h e  f i l t e r  cake i s  once again 
demonstrated t o  be homogeneous i n  n a t u r e .  As d i scussed  above, t hese  r e s u l t s  a re  
d r i v e n  by t h e  p r o c e s s i n g  c o n d i t i o n s  and a re  expected t o  remain cons tan t  
throughout  t h e  p r o c e s s i n g  o f  UNH i n v e n t o r i e s  a t  t h e  FEMP. 



Attachment 4.0 
CALCULATION SHEET 

UNH Filter Cake Statistics 

Ba 

0.777l 

1.13 

0.471 

t 0 . 2  

Sampling and a n a l y s i s  r e s u l t s  f o r  UNH f i l t e r  cake sampled i n  t h e  s p r i n g  of 1994 
(app rox ima te l y  500 drums of  UNH resampled t o  meet r e v i s e d  NTS Waste Acceptance 
C r i t e r i a  (NVO-325 Rev; 1 ) ) .  

C r  

0.0359l 

0.0107 

0.0604 

0.0136 

number o f  samples 

mean 

’ Average of  two f i e l d  duplicates. 

n 4 

3 0.62 

NOTE: 
approach. 

1/2 t h e  DL used f o r  va lue  i n  t h e  s t a t i s t i c s  as an e r r o r  m i n i m i z i n g  

s tandard d e v i a t i o n  o f  sample 

s tandard e r r o r  ( s tandard  
d e v i a t i o n  o f  mean o f  samDle) 

Based on t h e  d a t a  above: 

termi no1 o w  I smbol I Ba 

S 0.439 

s, 0.22 

degrees o f  freedom 

t -Va l  ue 

d f  3 

t .,,. 1.638 

Cr 
4 

0.03 

0.023 

0.0115 

3 

1.638 

S u b s t i t u t i n g  i n t o  equation 6 o f  SW-846 Chapter 9 one can form an 80% ( t w o - t a i l e d )  
Confidence I n t e r v a l  o r  90% (one t a i l e d )  Conf idence L i m i t :  

In general: For Ea: For C r :  

C I  = x ? t,,s, C I  = 0.62 t 1.638(0 .22)  C I  = 0.03 f 1.638(0.0115) 
where s, = s/F C I  = 0.62 ? 0.36 C I  = 0.03 f 0.019 

90% CL = 0.98 ppm 90% CL = 0.049 ppm 
Using t h e  es t ima tes  o f  t h e  mean and v a r i a n c e  f rom above, one can s u b s t i t u t e  i n t o  
equation 8 of  SW-846 Chapter 9 t o  o b t a i n  an e s t i m a t e  o f  t h e  a p p r o p r i a t e  number 
o f  samples t o  c o l l e c t  f r o m  a s o l i d  waste ( f i n a n c i a l  c o n s t r a i n t s  n o t  cons ide red ) :  

I n  general: 

n t’,,, * s2 / ( R T  - j ; ) ’  (where R T  = regulatory threshold) 

For Ea: For Cr: 

n (1 .638) ’  * (0.4391, / (100 - 0.62)’  n (1.638)’  * (0.023)’  / ( 5  - 0.049)’ 
n = 5 .EE-05  ( c r  !PSS t h ~ n  1; n = S.8 €E-05 ( o r  less than 1) 
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2/2 Attachment 5 .0 
In t ra -ba tch  S t a t i s t i c a l  Analysis  o f  UNH F i l t e r  Cake 

6 1  

Barium in UNH Filter Cake 

I I I I 

Tank Number 

D1- 1 / l o 1  
F 1-25/26' 

F1-1 

5 

4 

3 

2 

1 

Tota l  Ba i n  UNH So lu t ion  (ppm) TCLP Ba i n  F i l t e r  Cake (ppm) 

89.2 0.349 

92.6 0.253 

412.5 0.313 

0 r 

11 F1-26 I 51 .a 

0 

0.62 

100 200 300 400 500 
Total Ea in UNH Solution Batch (ppm) 

TC Regulatory Limit = I00 ppm 
80% Confidence Interval for Mean Response 

Data Used Above: 



\ Attachment 5.0 
I n t r a - b a t c h  S t a t i s t i c a l  Ana lys is  o f  UNH F i l t e r  Cake 

Tank Number 

Dl-l/lO1 

Fl-25/26l 
F1-1 

F1-26 

6 

5 

4 

3 

2 

1 

0 

T o t a l  Cr i n  UNH S o l u t i o n  (ppm) TCLP Cr i n  F i l t e r  Cake (ppm) 

734.3 0.272 
215 0.053 . 

344.3 0.454 

290 0.03 

Chromium in UNH Filter Cake 

I I I I 1 

200 300 400 500 600 700 800 

Total Cr in UNH Solutlon Batch (ppm) 

TC Regulatory Limit 
80% Confldence Interval for Mean Resoonse 

Data  Used Above: 


